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© In a digital demodulator, a recovered baseband 
signal is sampled in response to a clock pulse 
supplied from a VCO and converted to a digital 
signal representing one of multileveis of the sampied 
signal. Real-axis and imaginary-axis transversal 
equalizers are provided. Each equalizer has a 
tapped delay line for receiving the digital signal, a 
plurality of tap weight multipliers connected respec- 
tively to taps of the tapped delay line, and an adder. 
The adder of the real-axis transversal equalizer sums 
all outputs of the tap weight multipliers except for 
the output of one which is connected to a tap adja- 
cent to the center tap for producing a partially equal- 
ized signal, while the adder of the other equalizer 
sums all outputs of the tap weight multipliers for 
producing a fully equalized signal. Both of the equal- 
ized signals are summed by an adder and applied to 
a phase control circuit which derives from it a VCO 
control signal so that it corresponds to a tap-weight 
control signal applied to the multiplier whose output 
is excluded from being summed by the adder of the 
real-axis transversal equalizer. The output of the 
adder is summed with the excluded multiplier output 
and supplied to a tap weight controller which con- 
trols the multipliers of both transversal equalizers. 
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Demodulator With Composite Transversal Equalizer and Eye Detection Clock Synchronizer 



The present invention relates generally to digi- 
tal demodulators, and more particularly to a digital 
demodulator comprising A/D converters for mul- 
tilevel discrimination and digital transversal equaliz- 
ers for compensating for intersymbol interference. 

Analog-to-digitai converters employed in a digi- 
tal demodulator use (n + 1) bits or more for 
discriminating the 2 n levels of a demodulated 2 2n - 
QAM (quadrature amplitude modulation) signal and 
representing the discriminated level with the higher 
n bits which form a main data signal corresponding 
to the original data signal. The (n + 1)th or lower bit 
of the A/D converter output indicates the amount of 
deviation of the discriminated level from an opti- 
mum level and is used to derive a control signal for 
use in a closed loop circuit. 

Transversal equalizers with variable tap weights 
are in current use for adaptiveiy compensating for 
intersymbol interferences resulting from distortion 
of received digital signals. If transversal equalizers 
are used to process the output of an analog-to- 
digital converter, the variable tap weights are con- 
trolled by control signals which are derived from 
logical products of the most significant bit of the 
higher n-bit and the (n + 1 )th lower bit of the A/D 
converter output. One advantage of the transversal 
equalizers lies in their abilities to compensate for a 
small deviation of demodulated signal at each sam- 
ple point. 

The error signal is also used in an eye detec- 
tion clock synchronizer which is capable of gen- 
erating jitter-free clock pulses. Using the MSB of 
the main data signal that arises one clock before or 
after a sample point, the clock synchronizer es- 
timates the polarity of time differentiation of a de- 
modulated baseband signal at the sample point 
and determines from the estimated polarity and the 
error bit on which side of an optimum point the 
sample point is located. A control signal is derived 
from this determination to establish clock synchro- 
nization. 



SUMMARY OF THE INVENTION 



It is therefore advantageous to combine the 
capabilities of both digital transversal equalizers 
and an eye detection clock synchronizer as sub- 
systems of a digital demodulator in order to op- 
erate A/D converters at sample times precisely 
determined by the clock synchronizer so that the 
digital signals at the inputs of the equalizers are 
accurate representations of the multilevel of a 
demodulated QAM signal. 



One approach to the combined use of digital 
transversal equalizers and an eye detection clock 
synchronizer is to provide a circuit that controls 
one of the tap weights of the transversal equalizers 

5 by a signal which is also used to control the clock 
synchronizer. However, this results in a mutual 
interference between the two subsystems, so they 
fail to converge to their optimum operating points. 
Another approach would be to derive the clock 

io timing for A/D converters from the output signals of 
these A/D converters, i.e., the inputs of the trans- 
versal equalizers. However, the output of A/D con- 
verter are affected by intersymbol interferences, 
and hence precision clock timing is difficult to 

75 establish. 

The present invention is based on the discov- 
ery that the control signal that is used to control an 
eye detection clock synchronizer is identical to the 
one used to control the weight of a tap which is 

20 one tap displaced in either direction from the cen- 
ter tap of the real-axis circuit of a composite trans- 
versal equalizer. 

It is therefore an object of the present invention 
to provide a digital demodulator in which composite 

25 transversal equalizers and an eye detection clock 
synchronizer are combined to operate to their 
maximum capabilities. 

According to a broader aspect of the present 
invention, a digitally modulated signal is demodu- 

30 lated to a baseband signal which is sampled in 
response to a clock pulse supplied from a variable 
frequency oscillator and converted to a multibit 
digital signal representing one of multilevel of the 
sampled baseband signal. A real-axis transversal 

as equalizer and an imaginary-axis transversal equal- 
izer are provided. Each of the transversal equaliz- 
ers has a tapped delay line for receiving the digital 
signal, a plurality of tap weight multipliers con- 
nected respectively to taps of the tapped delay 

40 line, and an adder. The adder of the real-axis 
transversal equalizer sums ail outputs of the tap 
weight multipliers except for the output of the tap 
weight multiplier which is connected to a tap adja- 
cent to the center tap for producing a partially 

4$ equalized signal, while the adder of the imaginary- 
axis transversal equalizer sums all outputs of the 
tap weight multipliers for producing a fully equal- 
ized signal. The partially equalized signal and the 
fully equalized signal are summed by a first adder 

so and applied to a clock synchronizer, or phase con- 
trol circuit which derives a control signal so that it 
corresponds to a tap-weight control signal applied 
to the multiplier whose output is excluded from 
being summed by the adder of the real-axis trans- 
versal equalizer. The variable frequency oscillator 



2 



3 



EP 0 368 307 A2 



4 



is controlled in accordance with the control signal 
from the phase control circuit A second adder 
sums the output of the first adder with the multi- 
plier output which is excluded from being summed 
by the adder of the real-axis transversal equalizer. 
A tap weight controller is responsive to the output 
of the second adder to control the tap weight 
multipliers of both transversal equalizers. 

For eliminating problems associated with mul- 
tipath fading which arises in a mode called "non- 
minimum fades" in which signals on the secondary 
path are stronger than those on the primary path, 
or in a mode called "minimum fades" in which 
signals on the primary path are stronger than those 
on the secondary path, the present invention pro- 
vides a QAM (quadrature amplitude modulation) 
demodulator in which a received QAM signal is 
demodulated to recover an in-phase baseband sig- 
nal and a quadrature baseband signal. A first 
analog-to-dlgital converter samples the in-phase 
baseband signal in response to a clock pulse sup- 
plied from a variable frequency oscillator and con- 
verts the sampled in-phase baseband signal to an 
in-phase multibit digital signal representing one of 
multilevel of the sampled in-phase baseband sig- 
nal. A second analog-to-digital converter samples 
the quadrature baseband signal in response to the 
clock pulse and converts the sampled quadrature 
baseband signal to a quadrature multibit digital 
signal representing one of multilevel of the sam- 
pled quadrature baseband signal. First and second 
real-axis transversal equalizers are connected to 
the outputs of the first and second A/D converters, 
respectively, and first and second imaginary-axis 
transversal equalizers are connected to the outputs 
of the second and first A/D converters, respec- 
tively. The first real-axis transversal equalizer has a 
tapped delay line, a plurality of tap weight multipli- 
ers connected respectively to taps of the tapped 
delay line, and an adder for summing ail outputs of 
the tap weight multipliers except for the output of 
the tap weight multiplier which is connected to a 
tap displaced from the center tap in the direction of 
signals propagating along the delay line for produc- 
ing a first partially equalized signal. The second 
real-axis transversal equalizer has a tapped delay 
line, a plurality of tap weight multipliers connected 
respectively to taps of the tapped delay line, and 
an adder for summing al! outputs of the tap weight 
multipliers except for the output of the tap weight 
multiplier which is connected to a tap displaced 
from the center tap in a direction opposite to the 
direction of signals propagating along the delay line 
for producing a second partially equalized signal. 
Each of the first and second imaginary-axis trans- 
versal equalizers has a tapped delay line, a plural- 
ity of tap weight multipliers connected respectively 
to taps of the tapped delay line, and an adder for 



summing all outputs of the tap weight multipliers 
for producing a fully equalized signal. The first 
partially equalized signai from the first real-axis 
transversal equalizer and the output of the first 

5 imaginary-axis transversal equalizer are summed in 
a first adder. The output of the first adder is 
summed by a second adder with the output which 
is excluded from being summed by the adder of 
the first real-axis transversal equalizer. The second 

10 partially equalized signal from the second real-axis 
transversal equalizer and the output of the second 
imaginary-axis transversal equalizer are summed 
by a third adder. The output of the third adder is 
summed with the output which is excluded from 

75 being summed by the adder of the second real- 
axis transversal equalizer. An eye comparator is 
provided for determining which one of the outputs 
of the first and third adders has an eye pattern with 
a greater aperture. A phase control circuit responds 

20 to one of the. outputs of the first and third adders 
by controlling the variable frequency oscillator in 
accordance with the determination of the eye com- 
parator. A tap weight controller controls the tap 
weight multipliers of all of the first and second real- 

25 axis transversal equalizers and the first and second 
imaginary-axis transversal equalizers in accordance 
with output signals from the second and fourth 
adders. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 



The present invention will be described in fur- 
35 ther detail with reference to the accompanying 
drawings, in which: 

Fig. 1 is a block diagram of a demodulator 
according to a first embodiment of the present 
invention; 

40 Fig. 2 is a circuit diagram of each of the 

real-axis transversal equalizers of Fig. 1 ; 

Fig. 3 is a block diagram of a demodulator 
according to a second embodiment of the present 
invention; 

45 Hg. 4 is a circuit diagram of the P-channel 

real-axis transversal equalizer of Fig. 3; and 

Fig. 5 is an illustration of details of the eye 
comparator of Fig. 3. 

so 

DETAILED DESCRIPTION 

Referring now to Fig 1 , there is shown a 2 2n - 
55 QAM (quadrature amplitude modulation) demodula- 
tor according to a first embodiment of the present 
invention. The demodulator includes an orthogonal 
detector 1 which provides demodulation on an in- 
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coming 2 2n -QAM signal to produce an in-phase, or 
P-channel baseband signal and a quadrature, or Q- 
channel baseband signal. Analog-to-digital convert- 
ers 2P and 2Q are connected to the respective 
outputs of orthogonal detector 1 to discriminate the 
levels of the respective P- and Q-channel 
baseband signals to generate a P-channel (n + x)- 
bit signal and a Q-channel (n + x)-bit signal, where 
x an integer equal to or greater than 3. The (n + x)- 
bit outputs of A/D converter 2P are supplied in a 
bit-parallel fashion to a real-axis transversal equal- 
izer 3P and an imaginary-axis transversal equalizer 
4Q of conventional design. The (n + x)-bit outputs of 
A/D converter 2Q are likewise supplied to a real- 
axis transversal equalizer 3Q and an imaginary-axis 
transversal equalizer 4P of a conventional design. 

Both imaginary-axis transversal equalizers 4P 
and 4Q sequentially receive tap-weight control sig- 
nals from a tap weight controller 10 to compensate 
for interferences between successive symbols on 
the imaginary axes in a manner known in the art 
and produce (n + x)-bit outputs on the imaginary 
axes. However, both real-axis transversal equalizers 
3P and 3Q are different from the conventional 
design as shown in Fig. 2. 

rn Fig. 2. each of the real-axis transversal 
equalizers 3P and 3Q comprises a tapped delay 
line 20 consisting of (n + x)-bit digital delay ele- 
ments of duration T connected in series from the 
output of A/D converter 2P (or 2Q) so that (2k + 1) 
taps designated Vk) to t(. k > are successively formed 
at the outputs of the delay elements, with a tap to 
being the center tap. A plurality of tap weighting 
elements, or digital multipliers M< + k) to M ( . k) are 
respectively connected to taps t^^k)) to t^ to mul- 
tiply the successively delayed (n+x)-bit signals 
from the taps by respective digital tap-weight con- 
trol signals which are sequentially supplied from 
tap weight controller 10. 

Real-axis transversal equalizers 3P and 3Q dif- 
fer from the conventional design in that, with the 
exception of an (n+x)-bit output from multiplier M ( . 
„ which is located one tap away from the center- 
tap multiplier M 0 in the direction of propagation of 
signals through the tapped-delay line 20, all out- 
puts of the multipliers are- summed in an adder 21 
to produce an (n+x)-bit equalizer output These 
multipliers control the magnitude of the signals at 
all taps except for t(.i> so that interferences be- 
tween successive symbols on the real axes are 
partially compensated for at the output of adder 21. 
Multiplier M H) compensates for intersymbol inter- 
ferences that occur on successive signals at the 
tap Vd. 

Returning to Fig. 1, the {n + x)-bit output of 
adder 21 of equalizer 3P is supplied to an adder 
5P where it is summed with the fully compensated 
signal on the imaginary-axis supplied from equal- 



izer 4P, while the (n + x)-bit output of multiplier M { . 
1} of equalizer 3P is supplied to an adder 6P where 
it is summed with the output of adder 5P to pro- 
duce a P-channel output signal which is fully com- 

s pensated on the real-axis as well as on the 
imaginary-axis. Likewise, the (n + x)-bit output of 
adder 21 of equalizer 3Q is supplied to an adder 
5Q where it is summed with the fully compensated 
signal on the imaginary-axis from equalizer 4Q ( 

70 while the (n + x)-bit output of multiplier M ( .i } of 
equalizer 3Q is supplied to an adder 6Q where it is 
summed with the output of adder 5Q to produce a 
Q-channel output signal which is fully compensated 
on the real-axis as well as on the imaginary-axis. 

75 The MSB and an error bit of the (n + x)-bit 

outputs of adders 6P and 6Q are supplied to the 
tap weight controller 10. while the higher n bits of 
the outputs of adders 6P and 6Q are supplied to 
output terminals 11P and 11Q, respectively, as P- 

20 channel and Q-channel main data signals. Control- 
ler 10 multiplies the MSB and the error bit from 
adder 6P to produce a tap-weight control signal for 
application to the P-channel real-axis transversal 
equalizer 3P and multiplies the MSB of the output 

25 of adder 6P and the error bit of the output of adder 
6Q are multiplied to produce a tap-weight control 
signal for application to the P-channel imaginary- 
axis transversal equalizer 4P. 

In a similar manner, controller 10 multiplies the 

30 MSB and the error bit from adder 6Q to produce a 
tap-weight control signal for application to the Q- 
channel real-axis transveral equalizer 3Q and mul- 
tiplies the MSB of the output of adder 6Q and the 
error bit of the output of adder 6P are multiplied to 

35 produce a tap-weight control signal for application 
to the Q-channel imaginary-axis transversal equal- 
izer 4Q. 

The tap-weight control signals are supplied se- 
quentially to equalizers 3P, 3Q, 4P, 4Q so that 

40 equalizers 3P and 3Q produce partially compen- 
sated real-axis signals, while equalizers 4P and 4Q 
produce fully compensated imaginary-axis signals. 

According to the present invention, the bit tim- 
ing signal that is used to control an eye detection 

45 clock synchronizer is found to be identical to the 
one used to control the weight of a tap which is 
one tap displaced from the center tap of a real-axis 
transversal equalizer. 

As described above, the output of adder 5P 

so does not contain the output of multiplier M ( .u of 
equalizer 3P, while the output of adder 5Q does not 
contain the output of multiplier M ( .i } of equalizer 
3Q. According to this invention, the MSB and an 
error bit (or "n + 1 "th bit) of the output of adder 5P 

55 are supplied to a digital multiplier 79 where they 
are multiplied together to produce a bit timing 
control signal which is identical to the tap-weight 
control signal applied to the multiplier M H) of 
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equalizer 3P. Likewise, the MSB and an error bit of 
the output of adder 5Q are supplied to a digital 
multiplier 7Q where they are multiplied together to 
produce a bit timing control signal which is iden- 
tical to the tap-weight control signal applied to the 
multiplier M M) of equalizer 3Q. 

The bit timing control signals developed by 
multipliers 7P and 7Q are preferably summed to- 
gether by a summing amplifier 8 and fed to a 
voltage-controlled oscillator 9. The output of VCO 9 
corresponds to the bit timing control signal of an 
eye detection clock synchronizer, and is supplied 
to the A/D converters 2P and 2Q as a sampling 
pulse. The timing of the VCO output is feedback- 
controlled so that the outputs of orthogonal detec- 
tor 1 are sampled at precisely controlled timing. 

It is seen from the foregoing that the tap-weight 
control signals for multipliers M H ) of both real-axis 
transversal equalizers 3P and 3Q are derived from 
signals which contain the outputs of these multipli- 
ers, while the VCO control signal is derived from 
signals which do not contain such outputs in the 
same logical process as used to derive their tap- 
weight control signals. Therefore, the clock control 
subsystem is isolated from the equalizer control 
subsystem, allowing clock recovery and intersym- 
bol Interference compensation to operate indepen- 
dently on their optimum points. Since the partially 
compensated signals are used to derive the bit 
control timing, the dock pulses recovered by the 
VCO 9 contains a small amount of jitter. 

In the embodiment of Fig, 1, the input signal of 
each of adders 5P and 5Q is derived from multi- 
plier M H ) of the respective equalizers 3P and 3Q 
which is located one tap away from the center-tap 
multiplier M 0 in the direction of propagation of 
signals along the tapped delay line 20. Note that 
the inputs of adders 5P and 5Q could equally be 
as well derived from multipliers M which are lo- 
cated one tap away from the center-tap multipliers 
Mo in a direction opposite to the direction of propa- 
gation of signals along the tapped delay line 20. 

With high-frequency radio transmission, the pri- 
mary concern is a phenomenon called multipath 
fading which arises as a result of atmospheric 
refraction. Multipath fading involves two modes, 
i.e., non-minimum fades in which signals on the 
secondary path are stronger than those on the 
primary path, and minimum fades in which signals 
on the primary path are stronger than those on the 
secondary path. 

According to a second embodiment of the 
present invention, the intersymbol interference 
caused by non-minimum fades is found to be ef- 
fectively equalized by utilizing a partially equalized 
signal of a real-axis transversal equalizer which 
excludes the output of a tap-weight multiplier M ( +d 
located one tap away from the center tap-weight 



multiplier M 0 in a direction opposite to the direction 
of propagation of signals on a tapped delay line of 
the equalizer, while the intersymbol interference 
caused by minimum fades is found to be effec- 

s tively equalized by utilizing a partially equalized 
signal of the real-axis transversal equalizer which 
excludes the output of a tap-weight multiplier M ( .,) 
located one tap away from the center tap-weight 
multiplier Mo in the direction of propagation of 

70 signals on the tapped delay line. 

Fig.3 is an illustration of the second embodi- 
ment of the present invention. In this embodiment 
the real-axis transversal equalizer 3P of Fig. 1 \s 
replaced with a real-axis transversal equalizer 3 P 

is which is shown in detail in Fig. 4, and an eye 
comparator 12 is provided to detect which one of 
the (n + x)-bit outputs of adders 5P and 5Q has an 
eye pattern of greater aperture. The outputs of 
multipliers 7P, 7Q and eye comparator 12 are 

20 coupled to a gate 13 to apply one of the outputs of 
adders 5P, 5Q having a greater eye aperture to the 
control input of VCO 9 in accordance with a signal 
from the eye comparator 12. 

As shown in Fig. 4, real-axis transversal equal- 

25 izer 3'P has a tapped-delay line 30 having succes- 
sive taps tek) to t(. k) , with a tap to being the center 
tap as in Ftg. 2. Tap-weight multipliers M (+k) to M { . 
k) are respectively connected to the taps t( +k ) to t^. 
This transversal equalizer differs from the conven- 

ao tional design in that the output of multiplier M< + 1, is 
used as the input of adder 6P of Fig. 3 and the 
outputs of all the other multipliers are summed by 
an adder 31 and supplied to adder 5P of Fig. 3. 
Multiplier 7P multiplies the MSB and an error bit of 

os the output of adder 5P to derive a timing control 
signal which is identical to the tap weight of the 
multiplier M (+1) of equalizer 3'P. On the other hand, 
the input signal of adder 6Q of Fig. 3 is taken from 
the multiplier of equalizer 3Q as in the pre- 

40 vious embodiment 

If multipath fading of non-minimum mode oc- 
curs, eye comparator 12 determines that the signal 
from adder 5 P has a greater eye aperture than the 
signal from adder 5Q and allows the output of 

45 multiplier 7P to be passed through gate 13 to VCO 
9. In multipath fading of minimum mode occurs, 
eye comparator 12 determines that the signal from 
adder 5Q has a greater eye aperture and allows 
the output of multiplier 7Q to be passed through 

so gate 13 to VCO 9. Therefore, in either modes of 
multipath fading, a valid bit timing control signal 
can be derived from one of the multipliers 7P and 
7Q. 

As shown in Fig. 5, the eye comparator 12 
55 comprises exclusive OR gates 40 and 44 respec- 
tively coupled to the outputs of adders 5P and 5Q 
to provide a modulo-2 sum of the n + 1 th and 
"n + 2"th bits of the respective inputs. A logic-1 
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output from each exclusive OR gate indicates that 
each of the demodulated signals coincides with the 
crosspoint of one of the multilevel eye patterns. 
Thus, the number of logic-1 exclusive-OR outputs 
generated during a specified period of time in- 
dicates the size of an eye aperture. The logical-1 
outputs of both exclusive OR gates 40 and 44 are 
counted respectively binary counters 41 and 43 
which are periodically reset in response to clock 
pulses, not shown. The outputs of counters 41 and 
42 are compared against each other by a digital 
comparator 42. Comparator 42 determines that one 
of the channel signals having a greater number of 
logical-1 exc!usive-OR outputs has a greater eye 
aperture and supplies a gate control signal to gate 
13 to allow the output of one of multipliers 7P and 
7Q having a greater count value to be passed 
through gate 1 3 to VCO 9. 

While mention has been made of a QAM de- 
modulator, various modifications and alterations are 
apparent to those skilled in the art without depart- 
ing from the scope of the present invention which 
is only limited by the appended claims. For exam- 
ple, the present invention can be modified to pro- 
cess signals containing no quadrature component, 
such as 2PSK signals. In such instances, the real- 
axis and imaginary-axis transversal equalizers are 
connected to the same output of the analog-to- 
digitai converter. 



Claims 

1. A demodulator comprising: 
means for demodulating a digitally modulated sig- 
nal; 

a variable frequency oscillator for generating a 
clock pulse; 

an analog-to-digital converter for sampling the de- 
modulated signal in response to said clock pulse 
and converting the sampled signal to a multibit 
digital signal representing one of multilevel of the 
sampled signal; 

a real-axis transversal equalizer having a tapped 
delay line for receiving said digital signal, a plural- 
ity of tap weight multipliers connected respectively 
to taps of said tapped delay line, and an adder for 
summing all outputs of said tap weight multipliers 
except for the output of the tap weight multiplier 
which is connected to a tap adjacent to a center 
tap of said delay line for producing a partially 
equalized signal; 

an imaginary-axis transversal equalizer having a 
tapped delay line for receiving said digital signal, a 
plurality of tap weight multipliers connected re- 
spectively to taps of said tapped delay line, and an 
adder for summing all outputs of said tap weight 
multipliers for producing a fully equalized signal; 



first adder means for summing said partially equal- 
ized signal and said fully equalized signal; 
second adder means for summing the output of 
said first adder means with said output which is 

5 excluded from being summed by the adder of said 
real-axis transversal equalizer; 
phase control means for controlling said variable 
frequency oscillator in accordance with an output 
signal from said first adder means; and 

10 tap weight control means for controlling the tap 
weight multipliers of both of said real-axis transver- 
sal equalizer and said imaginary-axis transversal 
equalizer in accordance with an output signal from 
said second adder means. 

r$ 2. A demodulator as claimed in claim 1, 

wherein said phase control means comprises a 
multiplier for multiplying a most significant bit and 
an error bit of the output of said first adder means. 
3. A QAM (quadrature amplitude modulation) 

20 demodulator comprising: 

means for demodulating a QAM signal and gen- 
erating an in-phase baseband signal and a quadra- 
ture baseband signal; 

a variable frequency oscillator for generating a 

25 clock pulse; 

a first analog-to-digital converter for sampling the 
in-phase baseband signal in response to said clock 
pulse and converting the sampled In-phase 
baseband signal to an in-phase multibit digital sig- 

30 nal representing one of multilevel of the sampled 
in-phase baseband signal; 

a second analog-to-digital converter for sampling 
the quadrature baseband signal in response to said • 
clock pulse and converting the sampled quadrature 

as baseband signal to a quadrature multibit digital 
signal representing one of multilevel of the sam- 
pled quadrature baseband signal; 
a first real-axis transversal equalizer having a 
tapped delay line for receiving said in-phase digital 

40 signal, a plurality of tap weight multipliers con- 
nected respectively to taps of said tapped delay 
line, and an adder for summing all outputs of said 
tap weight multipliers except for the output of the 
tap weight multiplier which is connected to a tap 

45 adjacent to a center tap of said delay line for 
producing a first partially equalized signal; 
a first imaginary-axis transversal equalizer having a 
tapped delay line for receiving said quadrature 
digital signal, a plurality of tap weight multipliers 

so connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
said tap weight multipliers for producing a first fully 
equalized signal; 

a second real-axis transversal equalizer having a 
55 tapped delay line for receiving said quadrature 
digital signal, a plurality of tap weight multipliers 
connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
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said tap weight multipliers except for the output of 
the tap weight multiplier which is connected to a 
tap adjacent to a center tap of said delay line for 
producing a second partially equalized signal; 
a second imaginary-axis transversal equalizer hav- 
ing a tapped delay line for receiving said in-phase 
digital signal, a plurality of tap weight multipliers 
connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
said tap weight multipliers for producing a second 
fully equalized signal: 

first adder means for summing said first partially 
equalized signal and said first fully equalized sig- 
nal; 

second adder means for summing the output of 
said first adder means with said output which is 
excluded from being summed by the adder of said 
first real-axis transversal equalizer; 
third adder means for summing said second par- 
tially equalized signal and said second fully equal- 20 
ized signal; 

fourth adder means for summing the output of said 
third adder means with said output which is ex- 
cluded from being summed by the adder of said 
second real-axis transversal equalizer; 25 
phase control means for controlling said variable 
frequency oscillator in accordance with one of out- 
put signals from said first and third adder means; 
and 

tap weight control means for controlling the tap 30 
weight multipliers of all of sad first and second 
real-axis transversal equalizers and said first and 
second imaginary-axis transversal equalizers in ac- 
cordance with output signals from said second and 
fourth adder means. 35 

4. A QAM demodulator as claimed in claim 3, 
wherein said phase control means comprises: 

a first multiplier for multiplying a most significant 
bit and an error bit of the output of said first adder 
means: 40 
a second multiplier for multiplying a most signifi- 
cant bit and an error bit of the output of said third 
adder means; and 

means for summing outputs of said first and sec- 
ond multipliers to produce a phase control signal 45 
applied to said variable frequency oscillator. 

5. A QAM (quadrature amplitude modulation) 
demodulator comprising: 

means for demodulating a QAM signal and gen- 
erating an in-phase baseband signal and a quadra- so 
ture baseband signal; 

a variable frequency oscillator for generating a 
clock pulse; 

a first analog-to-digitai converter for sampling the 
in-phase baseband signal in response to said clock 55 
pulse and converting the sampled in-phase 
baseband signal to an in-phase multibit digital sig- 
nal representing one of multilevel of the sampled 
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in-phase baseband signal; 

a second analog-to-digital converter for sampling 
the quadrature baseband signal in response to said 
clock pulse and converting the sampled quadrature 
baseband signal to a quadrature multibit digital 
signal representing one of multilevel of the sam- 
pled quadrature baseband signal; 
a first real-axis transversal equalizer having a 
tapped delay line for receiving said in-phase digital 
signal, a plurality of tap weight multipliers con- 
nected respectively to taps of said tapped delay 
line, and an adder for summing ail outputs of said 
tap weight multipliers except for the output of the 
tap weight multiplier which is connected to a tap 
displaced from a center tap of said delay line in the 
direction of signals propagating therealong for pro- 
ducing a first partially equalized signal: 
a first imaginary-axis transversal equalizer having a 
tapped delay line for receiving said quadrature 
digital signal, a plurality of tap weight multipliers 
connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
said tap weight multipliers for producing a first fully 
equalized signal; 

a second real-axis transversal equalizer having a 
tapped delay line for receiving said quadrature 
digital signal, a plurality of tap weight multipliers 
connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
said tap weight multipliers except for the output of 
the tap weight multiplier which is connected to a 
tap displaced from a center tap of said delay line in 
a direction opposite to the direction of signals 
propagating therealong for producing a second par- 
tially equalized signal; 

a second imaginary-axis transversal equalizer hav- 
ing a tapped delay line for receiving said in-phase 
digital signal, a plurality of tap weight multipliers 
connected respectively to taps of said tapped de- 
lay line, and an adder for summing all outputs of 
said tap weight multipliers for producing a second 
fully equalized signal; 

first adder means for summing said first partially 
equalized signal and said first fully equalized sig- 
nal; 

second adder means for summing the output of 
said first adder means with said output which is 
excluded from being summed by the adder of said 
first real-axis transversal equalizer; 
third adder means for summing said second par- 
tially equalized signal and said second fully equal- 
ized signal; 

fourth adder means for summing the output of said 
third adder means with said output which is ex- 
cluded from being summed by the adder of said 
second real-axis transversal equalizer; 
an eye comparator for determining which one of 
outputs of said first and third adder means has an 
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eye pattern with a greater aperture; 
phase control means for controlling said variable 
frequency oscillator in accordance with on,e of out- 
put signals from said first and third adder means in 
accordance wrth the determination of said eye s 
comparator; and 

tap weight control means for controlling the tap 
weight multipliers of all of said first and second 
real-axis transversal equalizers and said first and 
second imaginary-axis transversal equalizers in ac- 10 
cordance with output signals from said second and 
fourth adder means. 

6. A QAM demodulator as claimed in claim 5, 
wherein said phase control means comprises: 
a first multiplier for multiplying a most significant is 
bit and an error bit of the output of said first adder 
means; 

a second multiplier for multiplying a most signifi- 
cant bit and an error bit of the output of said third 
adder means; and 20 
gate means for selectively applying one of the 
output signals from said first and second multipliers 
as a phase control signal to said variable frequency 
oscillator in accordance with the determination of 
said eye comparator. 25 
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© in a digital demodulator, a recovered baseband 
signal is sampled in response to a clock pulse 
supplied from a VCO and converted to a digital 
signal representing one of multileveis of the sampled 
signal. Real-axis and imaginary-axis transversal 
equalizers are provided. Each equalizer has a 
tapped delay line for receiving the digital signal, a 
plurality of tap weight multipliers connected respec- 
tively to taps of the tapped delay line, and an adder. 
The adder of the real-axis transversal equalizer sums 
all outputs of the tap weight multipliers except for 
the output of one which is connected to a tap adja- 
cent to the center tap for producing a partially equal- 
ized signal, while the adder of the other equalizer 
sums all outputs of the tap weight multipliers for 
producing a fully equalized signal. Both of the equal- 
ized signals are summed by an adder and applied to 
a phase control circuit which derives from it a VCO 
control signal so that it corresponds to a tap-weight 
control signal applied to the multiplier whose output 
is excluded from being summed by the adder of the 
real-axis transversal equalizer. The output of the 
adder is summed with the excluded multiplier output 
and supplied to a tap weight controller which con- 
trols the multipliers of both transversal equalizers. 
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